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ABSTRACT 

' This guidebook for teachers is accoipanied by a 
student workbook. The investiqations are intended to offer students 
an opportunity to learn about the absorption and release of heat 
energy and its effects on the Earth's atmosphere,. The influence of 
lake Erie on Ohio*s temperature is related to the ether 
investigations* Illustrations, ma£s, and graphs accompany the. written 
material- (SAi 
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INVESTIGATION 



THE EFFECT OF 



lak/ 



ERIE ON OHIO'S TEMPERATURE 



INTRODUCTION 



OBJECTIVES 



Even as far back as 'the "log cabin days," man has known 
t hat water absorbs a grftat deal of heat energy and clan in * 
turn release this heat. Pioneers would prevent foods from 
freezing on cold nights by placing a large container of water 
in the room. Can you think of why this might work? k 

In this investigation *we will explore how bodies of water 
can affect the surrounding areas. 

i 

When you have completed this investigation, you should 
be able to: A J 

1. Describe how soil and water differ in their 
ability to absorb and release heat energy. 

2. Describe how this difference in beat absorbed 
f or released affects the atmosphere immediately 

at^rfe the land and immediately above the 
water . 



Describe the effects of Lake Erie upon the 
temperature of Ohio, 



ACTIVITY A 



WHAT ARE HEAT SOURCES AND HEAT INKS? 




ERiC 



In the early spring when the weather is warming, some days 
are so hot we woulcj. like to jump in the lake and take t swim.. We 
would find, however, that, even though the air is hot the water 
is very cold 

\ 





\ 



/ 

MATERIALS 



HPRe&KDtfRj^ 



Four thermometer*, a container of soil and one of water, 
two 30 cm rulers,* maaking tape, ringatand, graph papa*, 

pencil, light with reflector. 



Set up your materials according to ^:he following directlone- 
(See Figure 1 .) . \ 



A- 



Place the containers of earth and water about 3 cm 
apart. - 



ft. Lay one ruler across each container, resting it on 
the container's rim. , . 

C» Place one thermometer in the soil with the thermometer 
bulb just barely covered. Attach with masking tape 
to the ruler. 

D. Place -another thermometer close to the first one", but 
about 1 cm above the soil. Attach with ^asking tape 

to the ruler/ 

«. 

E- Repeat steps C and D for the container of water. 

■ ♦ 
F. Place the lamp on a ring stand with the reflector 
pointing down* 

C. ' Position the lamp 30 cm above and centered between 
the containers, 

• * * 

* ■ * * 1 
H. Be certain that the bulb of each thermometer is 

» shielded from the direct rays of the lamp. 
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FIGURE 1: $et-up used in Activity A. 



After your teacher has examined your set-up, do th«? 
following: «t 

K Construct a data table according to the 
* instructions of your teacher. 
* • 

2. Turn the lamp^ on. At one minute intervals 
record the t empe r a t u r e e i n d i c a ted on each 

f 1 the f our ' tKeinriome t e r s . Con t it nue for 12^ 

^ m^nQtes, • ' 

3. Turn the lamp ofjf.' Continue recording 
tempetatures at one-minute intervals for 
12 minutes. 

4/ Plot your data on the t ime-tempferature graph 
on the worksheet. Use a different color for 
the d^ta from each thermometer J j. 



Use theTirst 12 minutes of the graph (Section A) to 
answer the following questions. 

5. With the light on, does air h&at up faster 
over the soil or oVer the watet? 



\ ■ 
6.. Which changes more: the temperature of water 

or the temperature of the soil? 



7. Which absorbs pore energy » soil qt water? 



Use the last 12 minutes of yourgi;aph (Section B) to 
answer the following questions. ^ • 

8. With the light off, which changes more: the 
temperature of water or the temperature of 
the soil? 



9. Which changes mosjl after the light is turned off, 
the temperature qftove the water or the temperature 
above the soil? — 



10* Which loses heat faster, water or soil? 



keeps heat energy longest > water or soil? 



' Anything that adds heat energy to the atmosphere Is 
called a hgaf source/ A heat si n k takes energy from the 



atmosph eres 



1 < 
12 « Could water' or soil be considered a Theat sink 

: ' while, the light was on? Discuss/ 



.13. After the light wa» turned off, wa$ the soil a 
n heat source? Was the water a heat source? 
Diacuss. * r . 



\ 



\ 



HOW DO 1AKE fiRIE AND THE OCEANS AFFECT CLIMATE? * 

In Activity, A, you learned that the pan of wa£er was 
a good heat sink while the lamp was on and a good heat 
source while the light was off. Sbil also acts sa a he>at 
sink and source, but its capacity to hold energy/ls much 
lower than that of water* Therefore, soil will become 
a heat soui^e soon after the light is turned on and will 
aetin^ as a heat- source not" ipiig : aftgr t i re light is 

turned off*. 

r A body of water such aS a lake acts much the same ' 
way ^luring the summer. During the day the water is 
a heat sink, storing up heat <( from the atmosphere. At 
night it b^contps a heat source, giving up heat throughout 
the night. If you live near a lake you have experienced 
land sea breezes which are caused by the lake. Lak£ 
water tends toyincrease in temperature all summer. 
-This indicates that it is storing up extra energy from 
the atmosphere. It acts as a heat sink throughout the 
summer. Itv the winter, however, there is lefc^> radiation 
from the sun. Then lakes become heat sources giving up 
their energy to the atmosphere. * 

FJLjMjres 2 and 3 are maps of Ohio wit^isotherras 
drawn*on s fctjem. An isotherm is a line that conneprs 
points of eqtral temperature. TlroKe on Figure 2 
represent the average temperature in Fahrenheit for. 
th6 month Of July. The isotherms in Figure 3 represent 
average temperatures for the month of January. 

1. What happens to the average temperature 
\/ along line AB in Figure 2 as Lake Erie is 
approached from the west? v 

\ . • U-1 



7JT 



2. What happens to the average temperature along 
line CD in Figure 3 as LAke Erie is approached 
from the west? 



, 3. Explain the differences in temperature patterns 
between July and Jahuar^ 

, k» _ r~ , - . « 

. 1 V 



h. Is Lake Erie a heat source or sink^ Discuss. 

____ * I 

— t * " ~ 

J , — , u 



^v5. Describe the effects of Lake Erie on the 
/ -temperature of northern Ohio. 



* * FIGURE 2 : MEAN MAXIMUM* TEMPERATURE 

OF mi-52 AVERAGE JULY fc . ^ 

i 




Oceans are also large bodies of water* They 
affect temperature .in much the ftbrae way as large 
lake*. Figure 4 is a map of the world on which are 
drawn isotherms representing the average temperatures 
in January. Notice that the average temperatures in 
Figures A and 5 are given in degrees celsiua. The 
bhio temperature maps are in degrees farenhelt. 




FIGURE A: World* Map 6f Average Temperatures (C # ) in July. 

1 6. Follow parallel 60 *N latitude across Figure A. 

How is temperature affected by the continents?. 
By the oceans? 



JL 



7. Do the same for Figure 5.' Describe the differences 
in average temperatures. 



10 
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FIGURE ^i/ World rMap- of Xverag<-f~Teto^eratures (C) in. January. 

8. '60 oceans act as heat sources 0* 'rfinks? . ■■ How '*. 
"i / do you know? • « 



- — m— Z^l— - 



» 



9. Do qontinenps ever act as heat sources? Explairt 



The oceans affect the temperature of Ohio. When we 
have warm winter temperature's we are under the influence 
of. air that starts over the oceans. The cold, frigid 
winter air comes from northern Canada, where the oceans 
do not have an effect. 




j 



REVIEW 
QUESTIONS 



1\ What is a heat* source? *A heat sink? 



jyt- — >aL-~jy..^- T -y v 



» 




. _ — — - ■ ~ r ; 

When do large bodies of vat«er, such as Lake Erie, 
act as F h6at sources? Heat sinks? - x 



V c 



3. ttov* dtfe^u-tftS 
4 -frpiji €nat- of cen 
xjiffference? 



•afc^ljre, of northern Ohio differ 
Ohio? Whatlcauses this 
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TITLE , 
OVERVIEW 



■The effect of lake erie oN'OHio'^t^pemtuRe 

* 4 

When a. large container of water is placed in a room 
with foods, as described in the Introduction to the Inves- 
tigation' the water will prevent .'the foodQ from freezing 
since water % acts as a heat source. if it is at a higher 
temperature than its surroundings. Water adds heat energy 
to the* atmosphere thereby keeping the room warm and the 
fopd from freezing! t . •■ . 



-In Activity A students study the ideas of heat source 
and. h eat sink . They cpnduct an experiment on the effect of 
solar insolation on soil and water using a lamp as a sourc# ' 
of radiation. They collect and analyze dgita on the tempera- 
ture' differences between soil and water and the air immediately 
above them . 

In Activity »B they apply this knowledge of heat sources 
and sinks to Lake^prie and Ohio, and to the oceans and land 
masses of the world fb^Qtydy the effect of large bodies of . 
water on climate. * . , 



PREREQUISITE 

STUDENT 

BACKGROUND 

MATERIALS 



OBJECTIVES 



SUGGESTED 
... APPROACH., 



\ The students shOjiifLft know how to graph data. 



1. 



E^ch lab group crtjflipS^ have fout thermometers ? a container 
of dark soil and one greater, .two 3b cm -rulers, masking tape, 
ringstand, graph paper, and -,a ligK^ with reflector. The light 
should be pt least 150 watts. • 

When the students haV£ completed these^ activities , they 
should be able to: 4 A 

1. Describe how soil and watef^dif f er in their 
ability to absorb' and release heat energy. • 

' *. -*' 

2. ^Describe how this differences in heat absorbed 

or released affects the atmosphere immediately 
above the land and immediately above the water/ - 



3, Describe the effects of the Grea't Lakes^upon 
the temperature of Ohio.. 

,4 . - 



Activity A could be done in larger groups tQ helfc> cut 
down on the amount of equipment needed. 

t 

Activity B^could be done in these squire, groups , or done 
individually* 
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WHAT ARE HEAT ;SOU.RCBS Artt> HEAT SINKS? • - 

- , ■ ' * 

The Introduction tp Activity-Vis »mean£ to introduce the 
moat widely observed effect of he*t sources and hea^t ainkB. 
What ia happening? The spring sunshine has warmed .the land's 
surface rapidly, thus the land was a heat sink for a short f 
period of time* Then the land became a heat source as it 
re-radiate^ or gave -up* its heat to the air abdve it thus 
adding more heat to the air. The water however, acta as a 
heat sink for a much, longer period of t^me and£#*rms up much 
slower; this is why water is cooler during the days of spring . 
and, early summer, than is the surrounding air. 

^ Keywords: .heat source, heat sink, jLsotherm v 

Set-out the soil and water a day ahead to allow them to ' ■ 
come* to room temperature". 

, * * 

kteps A-G desfcribe the experiment set-up\shown iti Figure 1 
the student guide.' Each fetudept set-up, should be iexanfined w 
ycfu before* the students turn on the lamp^ Check tOvinake 
re that the thermometer bulbs pre shaded from^the direct 
light,. You should point out thfc importance oti taking accurate 
^temperature readings • 4 



1. 



Explain how-to set up their \aia tables. 
belowV i 



See Figure T& 1 



Time Thermometer 1 
^lapsed (above earth} 



1 min 



. Thermometer 2 
(i n earth) 



Thermometer 3 
( above water) 



Thermometer 4 
(in water) 



2 rain, 



3 min, 



FIGURE TG 1. Sample Data Table 

Reminl students to turn off the' lamp after t^eir 12~minute 
reading. They should continue to take readings every minute 
for another 12 minutes. 



2-4. To help make the graphs easier to interpret, it is best 
' if all the initial temperature readings for each set-up 
are the same*. .If the Students.' thermometers did not read 



the same at the beginning then the temperature readings 
should be adjusted so that the initial temperatures are 
.equal. This Is done by finding the difference between 
the thermometer with tne lowest reading and each of the 
others. The difference for each of the other thermome- 
ters is then subtracted from each reading given by the 
thermometer. 

5. The air heats up faster over the soil. 



6 and 8. While the lamp is on, the soil should be heating up more 

rapidly than the water since it has a lower specific heat 
ant! it absorbs all radiation clo.se to the surface. Seldom, 
however, will this happen in the set-up. (See Figure TG 2.) 
After the light is turned off, the soil shoulc^ cool -more 
rapidly than the water because of Its lower specific heat. 
Note that the curve does diverge. Most students should be 
able to notice the divergence on this part of their curves* 

7 an*l 9. Tfie wAter will absorb more energy. It will be very diffi-' 

cult for students to understand tl\is. t The Clue is in the 
,f air n curves. The air over «the soil heats up much mor» v ; 
rapidly than that over .the w^er. This is because SoiT v ' 
cannot hoki on to the heat energy and gives it Vi^ht back* 
to the atmosphere* The difference in the two curves. there- 
v fore implies that water has a greater Capacity for storing 
heat energy; This idea is further supported by the ends 
of the two curves. Note that they cross at about 19 minutfes^ k 
This is frecause^ the water iq now giving off more energy 
than „ the soil. This is energy that was stored in the water. 
Note that the curve continues Co diverge. Water is acting 
as a source of heat* energy f,or the atmosphere. 



10. Soil looses heat faster than water. • * „ 

11* Water keeps k its energy the longest. If students! place their 
thermometers too deeply in the soil their -thermometers will 
show a continuing rise in temperature after the light is 
tufned off. This happens b^c^use some of the energy ffTTm 

* - the surface is conducted downward into the soil- 

12. formally soil wilM function very briefly as a heat sink* 
after the light is turned on. Short ly. however , Xt will, 
begin radiating energy back to the atmosphere (become a heat 
source) as indicated by the heating of the air above the soil 
Water should remain a heat sink, however t and produce only a 
mintritum rise .in temperature of the air above. Figure TG 2 
does not show this relationship. 
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WORKSHEET ACTIVITY #1 



"a 



■f 



2 




Time-lapsed (minuses) 
FIGURE TG 2: Sample of Completed Graph 
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ACTIVITY B 



PROCEDURE 



13. After the light is turned off soil functions only 

briefly as ft heat source. Water , however, continues 
as a source to the end of tKe recording period. Since 
the air temperature above' the water' remainsHaigher 
* than that of the water itself/ it will continue to 
act as a heat source until the surface water is the 
same temperature as the air over\t* ^ % 

• * 

This activity applies. Che ideas of heat sources and heat 
sinks to the climate of Ohio and the world, 

Keywords: iscfcherm 

"* » — »-■■; — »■» 

1. As you approac^hyth^ lake the* temperature decreases. 

2. As you approach the lake from the wept , the temperature 
Increases. 

3. During the summer th^ lake absorbs energy but the land re- 
radiates energy to the atmosphere. Therefore, air dver 1 
land is warmer than that over the water. « In the winter the 
eftergy absorbed by the lake water is gradually released to 
the atmosphere making th# air over the water warmer than 
that over the land. 



j 



Lake Erie is both a heat source and a heat sink depending on 
the season. In the late spring and summer, it is k a h^at sink, 
but in the fall and winter it is a heat source. 



5. t Lake Erie acts as a moderator for northern Ohio's cljhnate. 

It keeps the air cooler in the early summer and warmer in the 

* rest of the fall and the winter, than other parts of the state. 

%.' ' •» 

6. As you follow the- 60°N parallel across the map> for July the 
temperature rises over the continents and falls over the oceai\p. 

• " ■ ' o * . • 

7 W As you follow the 60 N parallel across the map for January, 

the temperature fafls ovter the cont inettts and rises over the 

oceans. ' 

8. * Oceans act as both heat sources and heat sinks depending upon 

the seasons, just as Lake Erie does. ^ 

0 

9. The continents act as s both heat sources and heat sinks just 
like the^ land in, Ohio does. 



REVIEW 
QUESTIONS 



1. A heat source adds heat energy to the atmosphere. A heat 
sink takes energy from the atmosphere. 
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2. 



3. 



iarge bodies, ofwa&er auch as Lake Erie act a a heat 
ources in the fall* and vinter vh^n they/ are giving , 
up heat to Che/ atipoaphere. They act aa heat sinks in , 
the late spring and suutoier -when J^hey are -absorbing heat 

from. the sun and atmosphere . * v / • 

The climate in northern Ohio is more moderate, than the 
climate in central Ohio! The -difference is 'caused by 
the moderating effect of Lake Erie. 
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A heat sink . - 

1. has a higher temperature than its surroundings. " 
2.. "giv%s off" excess heaV. - s 

*3. ^absorbs and stores excess heat. * • . , 

A . is the Great Lakes • in the" wintrertime. * * 

Generally, f^e average summer air temperature at the shore 
of a N largeMake if* 



1, 

3, 
A , 

5, 



warmer than 50 m^lea inland, 
pooler than 50 miles inland, 
the same as 50 milep inland < 



dependent upon the direction o|' the prevailing winds, 
usually the same as the average 1 fcemperaturdflLn winter, 



i 



If you, place a bucket of water and'a bucket Qf soil out in 
the sun in- Hie i rtfmiing^ what would happen to their temperature? 



1. the^r temperatures would not change. 

,2. both would warm up at the s^me ££te, 

3. water would warm up faster\than the soil. 

N *4. soil would warm up faster -than the water. 

If you kept those same two buckets'' outs ide until after 
the sun set, what would happen to the temperatures? 

*. " .: . 

1. both would cool at the same rate, . 

*2. soil would cool faster** 

3, water would cool faster. & 

4. ;their temperatures ^ould not change. 
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The isotherms in the* map of Northern Ohio below 'represent 
the average daily high temperature for a month with one 
being the lowest and five being the highest average daily 
temperature. . f * 




This. map represents J 

*1. "summer temparatutes* 
2 . win tar temperatures. 

3. early fall temperatures, - 

4 . can* t fell . 



